The impact of amino acid nutrition during lactation on body nutrient mobilization and milk nutrient output in primiparous sows was evaluated. Thirty-six sows, nursing litters of 13 pigs, were allocated daily 6 kg of a fortified corn-soybean meal diet containing a high (HP, 1.20% lysine) or low (LP, .34% lysine) protein content during a 23-d lactation. Dietary lysine concentration was achieved by altering the ratio of corn and soybean meal in the diet. The LP sows consumed less daily ME (14.2 vs 16.1 Mcal; P < .11) and daily lysine (16 vs 59 g; P < .01) than the HP sows. Daily litter weight gain was less ( P < .01) for sows fed the LP vs HP diet, and the differences increased ( P < .01) as lactation progressed. The lower litter weight gain for the LP sows was reflective of the lower ( P < .01) estimated milk DM, CP, and GE output of these sows. The LP sows lost more body weight (1.23 vs .21 kg/d; P < .01) during the initial 20 d of lactation. In the LP sows, 59% of the weight loss was protein, water, and ash, and 37% was fat. Weight loss in the HP sows was entirely accounted for by body fat mobilization, because these sows accrued body protein, water, and ash. Muscle myofibrillar breakdown rate was higher in LP sows than in HP sows (4.05 vs 2.80%/d; P < .01). On the basis of these data, dietary amino acid restriction during lactation increases maternal mobilization of proteinaceous tissue and reduces milk nutrient output. Maternal protein mobilization is maintained over the entire lactation even though milk output is decreased as lactation progresses.
Introduction
Nutritionally adequate diets are critical for preserving sow productivity by allowing for sufficient milk production for pig survival and growth while maintaining the sow's subsequent reproductive function. Nutrient needs of a lactating sow are largely determined by demand for milk production created by her suckling litter. Sows seem to have the ability to mobilize sufficient energy from body tissue stores to support lactation (King and Williams, 1984; King and Dunkin, 1986; Noblet and Etienne, 1986 ) unless the sows have low body fat stores, such as in extremely lean genetic strains (Sauber, 1994) or in extremely undernourished animals (Klaver et al., 1981) . A sow's ability to mobilize body protein stores to support lactation while maintaining subsequent reproductive performance is much less clear. In sows consuming inadequate amounts of amino acid, body weight loss is substantial, litter weight gain is reduced, and subsequent reproductive function is compromised (King and Williams, 1984; King and Dunkin, 1986) . However, the composition of the mobilized sow tissue and of the milk produced when sows are fed amino acid-deficient diets has not been adequately defined.
The objective of this study was to determine the impact of dietary amino acid regimen on maternal tissue nutrient mobilization and milk nutrient output in primiparous sows nursing large (13 pigs) litters.
Materials and Methods
Six trials, each using six primiparous Yorkshire × Landrace sows from a single genetic strain and site of origin, were conducted. Sows were individually penned in gestation stalls within a curtain-sided building. Estrus was synchronized by feeding a daily oral dose of 11 mg of altrenogest (Regu-Mate, Hoechst Roussel Agri-Vet, Somerville, NJ) for 14 d. Sows were then bred within a 5-d period by hand-mating to Hampshire × Duroc boars. Breeding period was timed to coincide with the mating of other sows in the herd so additional pigs would be available to standardize litter size of experimental sows to 13 pigs within 8 h after parturition. Sows selected for use in this study were at least 190 ± 10 d of age at breeding and had a minimum of 13 functional teats. Sows weighed 130 ± 1.7 kg and possessed 21.9 ± .8 mm average backfat (average thickness over the first and last rib and last lumbar vertebrae, measured ultrasonically 5 cm off midline with a Renco Lean-Meater, Renco Manufacturing, Minneapolis, MN) at breeding. From breeding to parturition, sows received daily 1.8 kg of a corn-soybean meal diet fortified to provide a minimum of 110% of daily amino acid and ME intakes estimated to be required by gestating sows (NRC, 1988) . Vitamins and minerals were provided at a minimum of 175% of the estimated daily requirements for gestating sows (NRC, 1988) . Sows were fed individually, and their body weight and backfat thickness were monitored at 2-wk intervals throughout gestation. Daily ME intakes of individual sows were adjusted as needed, by increasing or decreasing ME intake while keeping other nutrient intakes constant, to achieve similar body weight and average backfat thickness among sows at parturition. At 60 and 110 d of gestation, sows averaged, respectively, 151 ± 1.5 and 170 ± 1.4 kg BW and 22 ± .8 and 20 ± .7 mm backfat.
Between 107 and 112 d of gestation, jugular catheters (Tygon microbore tubing, .030 i.d. × .090 o.d., medical grade) were inserted surgically into each animal to facilitate blood sampling during the lactation period. Catheters were preheparinized and gassterilized before insertion and were filled with a sterile saline solution containing 10 IU heparin/mL and 1.5% benzyl alcohol between sampling periods. Method of insertion was as described previously (Ford and Maurer, 1978) , with the exception that the animals were anesthetized with ketamine:xylazine 1:1 (250:250 mg/animal) given i.v. via an ear vein. After this procedure, animals were allowed to recover fully from the anesthesia and were placed immediately into individual farrowing stalls within a temperaturecontrolled building maintained at 22.8 ± .1°C.
Sows were randomly assigned to one of two dietary treatment groups, either a high ( HP, 1.2% lysine) or low ( LP, .34% lysine) protein diet (Table 1 ) from outcome groups based on BW at parturition. Feeding of the experimental diets began within 8 h after the completion of parturition. The HP and LP diets were formulated to provide 100 and 30% of the estimated lysine needs of a 165-kg sow nursing a litter of 13 pigs. Diets were formulated on the basis of lysine being the first-limiting amino acid with other amino acids being a minimum of 100% of the suggested "ideal" ratio of each amino acid relative to lysine (ARC, 1981; NRC, 1988) for lactating sows. Diets were based on corn and soybean meal, and lysine concentrations in the diet were achieved by altering the ratio of corn:soybean meal. Estimated lysine requirements were derived factorially based on the sows' needs for maintenance and milk production. A daily dietary lysine requirement of .039 g/kg BW .75 for maintenance was assumed, as suggested by Fuller et al. (1989) . The amount of lysine needed for milk synthesis was based on the assumption that milk contains 5.0% (Speer, 1990) protein in which the concentration of lysine is 7.5% of the protein (ARC, 1981) . Each pig in the litter was assumed to cause an increase in milk production of .96 kg/d (King et al., 1989; Stahly et al., 1992) . The digestibility of dietary lysine and the efficiency of use of digested lysine for milk synthesis were assumed to be 86 and 80%, respectively (Mullan et al., 1989; Speer, 1990) . On this basis, a sow weighing 165 kg and nursing 13 pigs was estimated to require 71 g of total lysine daily for milk production if no mobilization of maternal protein stores occurred.
Maintenance energy need was assumed to be 110 kcal of ME/kg BW .75 (NRC, 1988) . Energy needs for milk energy production were estimated assuming milk contains 1.1 Mcal of GE/kg and an efficiency, above maintenance, of 72% for conversion of dietary ME for milk production (Mullan et al., 1989) . Vitamins and minerals were provided at a minimum of 250% of the estimated daily requirements of a 165-kg lactating sow (NRC, 1988) .
Sows were allocated 6 kg of feed (in meal form) daily, provided in three equal aliquots at 0700, 1200, and 1700. Wasted and refused feed was collected daily. Sows were allowed to consume water ad libitum from a nipple drinker.
Litter size was standardized to 13 pigs within 8 h after farrowing to stimulate a high level of milk production and, thus, nutrient demand in the sows. This litter size was maintained by replacement of any pigs that died up to 3 d after farrowing, after which no additional pigs were added to litters.
Sow body weight, sow backfat thicknesses, and individual pig weights were recorded within 8 h after parturition ( d 0 ) and on d 5, 10, 15, and 20 and at weaning ( d 23 ± 1 postpartum). Day 0 was the day after farrowing was completed, and sows that had not farrowed by 1800 were included in the next day's farrowing group. 
Milk Nutrient Output. Sow milk nutrient outputs
were estimated for each 5-d period from d 0 to 20 of lactation based on litter weight gain using the regression equations of Noblet and Etienne (1989) that describe milk dry matter (DM L ) , gross energy (GE L ) , and nitrogen ( N L ) output of sows during a 21-d lactation. The sow parity and body weight and the growth rates of the pigs in the current study were similar in magnitude to those from which the equations were developed. The specific equations used were as follows:
, and
Milk samples were obtained from each sow on d 5, 10, 15, and 20 postpartum to evaluate DM, CP, and GE concentration in the milk. Samples were collected by infusing the sow with 10 IU of oxytocin via the jugular catheter and then manually milking until dry the third and fourth anterior mammary glands on one side of the sow. Milk samples were immediately frozen at −20°C until they were lyophilized and analyzed for DM, CP, and GE with procedures outlined by the AOAC (1990). Crude protein was estimated using a conversion factor of 6.38 × N content.
Sow Body Composition. Sow body composition was estimated on d 0 and 20 postpartum using D 2 O dilution methodology to measure total body D 2 O space (Knudson, 1990) . Briefly, salinized D 2 O (.2 g/kg) was infused into each sow via the jugular catheter. After a 2-h equilibration period, a blood sample (10 mL) was drawn. Blood was then sublimated, and the resulting H 2 O:D 2 O mixture was analyzed by infrared spectrometry to determine the D 2 O concentration (Byers, 1979) . Prediction equations relating total body D 2 O space and empty body weight (EBWT) to empty body protein (EBP), fat (EBF), water (EBW), and ash (EBA) were used to estimate body composition (Knudson, 1990 ). These equations were derived using sows of a similar genetic strain and stage of maturity to those in this study. The specific equations used were as follows:
Empty body weight was estimated using the following equation:
EBWT (kg) = [.967 × BW (kg)] + 1.25 (Knudson, 1990) .
3-Methylhistidine Production. Muscle myofibrillar protein breakdown was determined by studying the kinetics of 3-methylhistidine ( 3MH) metabolism on d 0, 10, and 20 postpartum with the method of Rathmacher et al. (1996) . Briefly, each sow was infused with a bolus dose (.1371 mg/kg BW) of d 3 -3MH in 15 mL of sterile saline via the jugular catheter, and the catheter was flushed with 10 mL of sterile saline. This infusion was followed by serial blood sampling (10-mL samples) at 2, 4, 8, 15, 45, 75, 150, 270, 510, 1, 020, 1, 740 , and 3,900 min after infusion to measure the stable isotope disappearance in plasma. Each sample tube contained 15 mg of EDTA as the anticoagulant. Additional plasma samples were collected before the infusion of the d 3 -3MH to correct for background enrichment in the sow plasma. Blood samples were centrifuged at 1,500 × g for 20 min, and the plasma harvested and stored at −20°C for later analysis of d 3 -3MH and 3MH by gas chromatography/mass spectrometry with the method of Rathmacher et al. (1992) .
Calculation of Fractional Breakdown and Synthesis
Rates. The de novo production rate of 3MH ( mmol/d) was calculated as described by Rathmacher et al. (1992) . The fractional breakdown rate ( FBR) was calculated with the following equation: FBR (%/d) = (3MH production rate ( mmol/d) ÷ total protein bound by the 3MH pool in muscle ( mmol)) × 100. Total protein bound by the 3MH pool was calculated on the basis that the 3MH content of pig skeletal muscle is 3.8742 mmol/g of muscle protein (Rathmacher et al., 1996) . Total muscle protein was assumed to represent 50% of empty body protein (Simon, 1989) . Body protein mobilization or accretion rates were assumed to be constant throughout lactation. Fractional synthesis rate was estimated indirectly by the difference between fractional accretion rate ( FAR) and FBR (Millward et al., 1975) . Statistical Analysis. Data were analyzed with analysis of variance techniques for a randomized complete block design with the GLM procedure of SAS (1988) . Responses over time were analyzed as repeated measures (Steel and Torrie, 1980) . Sow and(or) litter was considered the experimental unit, and the effects included in the model were trial, replicate, diet, and period. Trial effects were tested using replicate(trial) as the error term. Diet effects were tested using trial × diet as the error term. Period and the diet × period interaction were tested using the overall error term. Dietary treatment differences within a period were tested using a paired t-test. Least squares means are reported. Correlation analysis (SAS, 1989) was performed using Pearson's correlation coefficients.
Results and Discussion
Initial sow and litter traits on d 0 postpartum are presented in Table 2 . Whole body weights and empty body weights were approximately 4.5 kg less in sows assigned the LP vs the HP diet on d 0 of lactation. The sows assigned to the LP dietary group had less body protein, water, and ash on d 0 than HP sows but contained 2 kg more body fat. The number of pigs per litter and litter weights on d 0 were similar between the two treatment groups.
Dietary Amino Acid Regimen Effects. Over the duration of the first 20 d of lactation, the LP and HP sows consumed 74 and 83%, respectively, of their allocated daily feed (Table 3) . Daily ME intakes averaged 14.2 and 16.1 Mcal in the LP and HP sows, respectively, and daily lysine intakes averaged 16.2 and 58.9 g, respectively. Daily litter weight gain and daily milk output of protein, energy, and dry matter of the LP sows were reduced compared with those of the HP sows. Furthermore, the LP sows lost more BW on a daily basis than the HP sows, and the composition of the weight loss differed between groups. Sows fed the LP diet mobilized both body protein and fat, whereas HP sows accrued body protein while mobilizing body fat. In the LP sows, body protein and fat represented 10 and 38% of the sows' weight loss, respectively. Water and ash associated with body protein accounted for most (43%) of the weight loss in the LP sows. In contrast, the HP sows accrued 152 g of protein and 232 g of associated body water and ash daily while mobilizing 593 g of body fat. Therefore, the amount of body fat represented 310% of the HP sows' total body weight loss.
Dietary Amino Acid Regimen and Stage of Lactation
Interactions. The differences in feed intake between dietary treatment groups was greater as lactation progressed (Table 4) . Sows fed the LP and HP diets ate similar amounts of feed and ME up to d 10 of lactation, after which the feed intake of the LP sows reached a plateau whereas that of HP sows continued to increase. The lower feed intake of the LP sows likely was associated with the reduction in milk synthesis and, thus, energy demand resulting from the shortage of lysine. The magnitude of the differences in daily lysine intake between dietary groups also increased as lactation progressed. Because of these differences in lysine intake, rate of body weight loss in the LP sows increased with stage of lactation as sows became more reliant on body tissue mobilization to meet the metabolic nutrient demands for milk synthesis. Also, a high rate of sow weight loss was maintained throughout lactation in the LP sows, which implies that LP sows were attempting to maintain milk output over the entire lactation.
Dry matter, GE, and CP content of milk decreased as stage of lactation increased (Table 5) . Furthermore, the CP content of milk was reduced more in the LP than in the HP sows as lactation progressed. The reduction in DM, GE, and CP content of milk in sows receiving the LP diet in this study differs from the response of sows receiving inadequate energy intakes. When dietary energy is the limiting nutrient for milk production, GE and DM content of the milk typically is increased because of the mobilization of body fat (O'Grady et al., 1973; Boyd et al., 1982; Van Kempen et al., 1985; Noblet and Etienne, 1986 ) but the CP Table 5 . Influence of diet (D) and stage (S) of lactation on nutrient composition of milk from sows fed a high (HP, 1.2% lysine) or low (LP, .34% lysine) protein diet a Pooled standard error of the mean, n = 36. b CP equals N × 6.38.
Item and diet
Day of lactation Probability content is unchanged. This type of response was observed in the HP sows. Conversely, the LP sows evidently had insufficient lysine available from diet and body sources to support a higher level of milk protein synthesis but likely had sufficient energy to maintain lactose synthesis. By maintaining lactose synthesis, the output of fluid in milk would be maintained because of the osmotic potential created (Oftedal, 1984) . Therefore, the amount of protein and fat that the sow was able to put into milk would be effectively diluted. This conclusion is supported by the lower DM content of milk (17.5 vs 19.0%) from the LP sows, the lower CP content of milk expressed per unit of DM (26.9 vs 29.5%), and the lack of a diet × stage interaction for the CP:GE ratio in milk. Daily litter weight gain and output of DM, CP, and gross energy in milk was similar between dietary groups up to d 10 of lactation. After d 10, the magnitude of the differences in litter weight gain and milk nutrient output increased as lactation progressed (Table 6 ). The greater reduction in milk protein output after d 10 of lactation seemed to be caused by the inability of sows on the LP diet to mobilize sufficient amino acids from body tissue protein during the latter half of lactation to compensate for the dietary deficiency and thus meet the amino acid needs for milk synthesis. Daily milk nitrogen output of sows for d 0 to 5 and d 5 to 10 of lactation was not correlated ( r = .17 and .14, respectively, P > .3) with daily lysine intake over the same stages of lactation. However, daily milk nitrogen output for d 10 to 15, d 15 to 20, and d 20 to 23 was highly correlated ( r = .60, .72, and .41, respectively, P < .01) with daily lysine Table 7 . Influence of diet (D) and stage (S) of lactation on 3-methylhistidine (3MH) production rate and muscle fractional breakdown (FBR) and fractional synthesis rate ( 
Day of lactation Probability intakes over the same stages of lactation. This relationship demonstrates that as lactation progresses and when a larger percentage of body tissues have been mobilized, sows reach a point at which tissue mobilization cannot make up for all of the dietary amino acid deficiencies relative to the potential for milk synthesis. An estimate of myofibrillar protein breakdown was obtained by studying the kinetics of 3MH metabolism. Production rate of 3MH ( mmol·kg −1 ·d −1 ) and muscle FBR (percentage per day) were greater for LP sows than for HP sows, and the magnitude of the differences between LP and HP sows for these criteria became greater as lactation progressed (Table 7) . Muscle FBR for the LP sows was 23, 52, and 62% higher than for HP sows on d 0, 10, and 20, respectively. The decrease in 3MH production rate and FBR from d 0 to 10 in the HP sows can be attributed both to the completion of uterine involution and to the net accretion of body protein in these sows. These data indicate a substantial reliance of the sow on mobilized muscle protein during periods of dietary amino acid deficiency. Although the absolute rate and fractional rate of muscle breakdown increases as lactation progresses in the LP sows, overall, it seems that the percentage of lysine mobilized from muscle vs other body tissues remains approximately 55% (Table 8) .
The amount of muscle protein actually mobilized is dependent on the dynamics of protein synthesis and degradation of muscle protein. Thus, to assess the relative contribution of muscle tissue breakdown to the protein needs for lactation, fractional synthesis rate ( FSR) must be considered. Fractional synthesis rate was dependent on the sows' diet and stage of lactation. Sows fed the LP diet had higher FSR on d 20 than on d 0, whereas sows fed the HP diet had lower FSR on d 20 than on d 0. Also, for sows fed the LP diet, FBR was higher than FSR at all stages of lactation, whereas the opposite was true for the HP sows. This indicates the ability of sows to selectively regulate FBR and FSR to compensate for their low amino acid intake to maintain a desired function such as lactation. Similar effects on muscle protein synthesis and degradation have been reported in sheep in response to the increased demand for amino acids to support lactation (Vincent and Lindsay, 1984) . Furthermore, a key point is that, even though LP sows could not mobilize sufficient tissue protein to maintain milk production, they continued to increase body tissue mobilization in an effort to satisfy the nutrient needs for milk synthesis. This point demonstrates the presence of a strong lactational homeorhesis in sows that operates to partition nutrients toward milk synthesis.
The magnitude of this homeorhetic drive is difficult to assess because knowledge of the mechanisms that regulate it is lacking. However, it should differ among sows because of differences in the amount of dietary nutrients consumed relative to the demand for nutrients to support milk synthesis. Milk nutrient output is largely driven by the number of pigs suckling the sow (King et al., 1989) and modified by environmental factors such as dietary nutrient inputs (Stahly et al., 1992; Tokasch et al., 1992) , climatic conditions (Schoennherr et al., 1989) , or immune status (Sauber and Stahly, 1996) imposed on the animals. On this basis, if litter size and environmental conditions are uniformly controlled, the potential milk production capacity among sows will be similar. In this situation, the magnitude of the nutritionally induced homeorhetic drive is dependent on the amount of nutrients that must be obtained from body tissues, because of dietary shortages, relative to the potential milk nutrient output. In this experiment, the differences between potential output of lysine and ME in milk and the intake of lysine and ME from the diet were estimated. The potential milk nutrient output in this study was estimated to be that of the maximum nutrient outputs achieved by the top 20% of the sows during each stage of lactation. Differences in actual vs Table 8 . Lysine balance of lactating sows fed a high (HP, 1.2% lysine) or low (LP, .34% lysine) protein diet a Amount of muscle mobilized or accrued is based on the estimates of fractional breakdown rate and fractional synthesis rate shown previously. Assumes that muscle protein contains 8.8% lysine (Simon, 1989) and that efficiency of lysine use for protein accretion in the maternal body is .80.
b Assumes that adipose tissue is 4% protein and that the protein is 6.5% lysine (Lonergan, 1991) . c Amount of other protein mobilized is the difference between the total and the amount from muscle and fat tissue. Assumes that body protein other than muscle is 6.2% lysine (Simon, 1989) and that efficiency of lysine use for protein accretion in the maternal body is .80.
d Assumes that lysine is 7.5% of milk protein (ARC, 1981) and that 15% of milk N is nonprotein N (Perrin, 1955) .
e Sow maintenance lysine equals .039 g/kg BW .75 (Fuller et al., 1989 potential milk production were assumed to be due only to differences in amounts of dietary lysine and ME consumed. It also was assumed that the mammary potential to synthesize milk was not irreversibly altered because of nutrient deficiency in an earlier stage of lactation. Evidence to support this assumption has been gathered from dairy cows given moderate to severe feed restriction in early lactation and then fed at an adequate feeding level in late lactation (Broster and Thomas, 1981; Coulon et al., 1987) . Cows in these studies were shown to have lowered milk output when energy supply was limited in early lactation but then responded to increased feed allowance by producing as much milk as control cows after peak yield. The difference, then, between the potential output and dietary input represents the amount of that nutrient that potentially had to be derived from body tissue. Nutrient outputs of lysine and ME were calculated from the estimated milk protein and ME outputs, the means of which are shown in Table 6 . Correction to dietary lysine equivalents was done assuming that milk protein contained 7.5% lysine (ARC, 1981) , lysine was 82 and 84% digestible (Heartland Lysine Inc., 1995) from the LP and HP diets, respectively, and that digestible lysine was used at 80% efficiency (Mullan et al., 1989) for milk protein synthesis. Correction to dietary ME equivalents was done assuming that the efficiency of conversion of ME into milk was 72% (Mullan et al., 1989) . Figure 1 shows the dietary intakes of lysine and ME relative to the potential output of these nutrients in milk. It is evident from this figure that milk output in the LP sows was limited by the amount of lysine available for milk synthesis. The percentage of dietary lysine intake relative to potential milk lysine output was 39, 38, 37, and 37%, respectively, over the four 5-d periods of lactation up to d 20, whereas dietary ME intake met 85, 80, 75, and 75% of the potential ME output over the same periods. Conversely, the HP sows' dietary lysine intake met 128, 130, 139, and 143% of the potential milk lysine output and their dietary ME intake met 85, 84, 90, and 93% of the potential milk ME output over the same periods as the LP sows. Table 8 summarizes the estimated lysine balance of the LP and HP sows for d 0 to 10 and d 10 to 20 of lactation. The following assumptions were used: 1 ) adipose tissue is 4% protein, and the protein is 6.5% lysine (Lonergan, 1991) ; 2 ) the amount of other protein mobilized is the difference between the total and the amount of protein from muscle and fat; and 3 ) body protein other than muscle is 6.2% lysine, muscle protein is 8.8% lysine (Simon, 1989) , and efficiency of lysine use for protein accretion in the maternal body is .80. As shown in Table 8 , LP sows mobilized 12.75 and 12.58 g of digestible lysine equivalents from their bodies, whereas HP sows used 12.57 and 12.56 g of digestible lysine equivalents for protein accretion during the two stages of lactation. The LP sows derived 56 and 55% of the mobilized lysine from Figure 1 . Intake of ME (A) and lysine (B) relative to potential milk ME and lysine output for primiparous sows fed a high-protein (HP, 1.2% lysine) or low-protein (LP, .34% lysine) diet during lactation. The ME and lysine outputs are adjusted to total dietary equivalents as described in the text. muscle for d 0 to 10 and d 10 to 20, respectively. This suggests that sows mobilize a relatively constant ratio of muscle protein to body protein during amino acid deficiency. Also, both groups of sows are estimated to have derived lysine from mobilized fat tissue, but it would seem that the amount of lysine derived from this source is more dependent on the energy status of the animal. The LP sows seemed to use lysine with greater gross efficiency for milk lysine output than HP sows. This result would be expected because LP sows had less lysine available than was required for milk synthesis. The lower gross lysine efficiency for the HP sows was likely caused by the fact that they were consuming lysine in excess of their required lysine needs.
Implications
Dietary amino acid restriction during lactation results in maternal protein loss, of which the majority is derived from muscle protein, and reduces milk nutrient output, which limits litter growth. Sows continue to mobilize maternal body protein throughout lactation, indicating the presence of a strong homeorhetic drive for milk production that maintains some level of milk output, but evidently this drive is not sufficient to maintain milk nutrient output up to the biological potential of the sows. The effects of this strong homeorhetic drive for milk production likely influences subsequent reproductive performance.
